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(57) ABSTRACT 

A low noise, low distortion, power efficient DSL/cable line 
driver has a double Wheatstone impedance bridge network 
that functions to prevent contamination of DSL signals that 
are received by and transmitted from the line driver. The line 
driver employs an external current sensing impedance that 
can be either purely resistive or complex and that can be 
selected to accommodate a particular transmission medium. 
The line driver further employs an internal programmable 
resistor that can be programmably adjusted to accommodate 
changes in transmission medium impedance to optimize 
sidetone rejection. 

24 Claims, 1 Drawing Sheet 
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IMPEDANCE SYNTHESIS AND DC BIASING 
METHOD AND ARCHITECTURE FOR DSL/ 
CABLE LINE DRIVERS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to digital subscriber lines 
(DSL's), and more particularly to a low distortion, power 
efficient DSL/Cable line driver that employs DC biasing and 
impedance synthesis without using a series resistor to 
achieve impedance matching. 

2, Description of the Prior Art 

Asymmetric digital subscriber lines (ADSL) can supply 
the necessary bandwidth for applications such as fast access 
to the Internet, video conferencing, interactive multimedia, 
and Video-on-Demand. This technology is designed to solve 
the most severe bottleneck in the data access network 
between the Central Office and the customer, or end-user. 

ADSL is a new modem technology that converts existing 
copper telephone lines into access paths for multimedia and 
high speed data communications, and maintains the regular 
telephone voice services. ADSL provides data rates that 
expand the best existing access capacity (i.e., ISDN) by a 
factor of 60 or more, and the best existing common analog 
access capacity (i.e., V.34 modems) by a factor of 300, 
without requiring any new cabling. ADSL can practically 
transform the existing public information network from one 
limited to voice, text and low resolution graphics to a 
powerful, ubiquitous system capable of carrying 
multimedia, including full motion video, to everyone's 
home. 

Rate adaptive ADSL delivers any data rate from 64kbps 
to 8.192Mbps on the downstream channels to the subscrib- 
ers and any data rates from 16kbps to 768kbps on the 
upstream channels back to the network, while simulta- 
neously providing lifeline POTS (Plain Old Telephone 
Service), all over a single twisted copper wire pair. The 
downstream and upstream channels can be split to several 
sub -channels (up to 4 sub-channels on the downstream and 
3 bi-directional sub-channels) to serve several applications 
simultaneously. 

The ADSL operates over a single, unconditioned twisted 
copper pair of wires. Its connection is via modem pairs, one 
at the user end and the second at the Central Office. The 
ANSI Tl committee has standardized Discrete Multi-Tone 
(DMT) as the line code to be used in the ADSL transmission 
system, due to its unique ability to overcome the severe 
distortion of the copper line at this frequency band, DMT 
also matches well the typical noise and impulses which exist 
in the residential twisted-wire pair environment. DMT 
divides the channel into a number of sub-channels, referred 
to as tones, each of which is QAM-modulated on a separate 
carrier. The carrier frequencies are multiples of one basic 
frequency. The available spectrum ranges from about 20 
kHz to 1.104 MHz, while the low 20kHz are reserved for 
voice service (POTS). Noise and channel conditions are 
constantly measured for each tone separately to achieve 
optimal transmission. at any time. 

A common strategy for implementing ADSL modem 
technology is to ensure that the input impedance of an 
analog front end (AFE), looking into the subscriber loop 
port, matches the loop characteristic impedance. This has 
traditionally been accomplished by placing a network that 
closely matches the loop characteristic impedance between 
the AFE line driver output and the subscriber loop (or 
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transformer coupling to the subscriber loop). A disadvantage 
associated with such schemes is that half of the line driver 
output signal power is dissipated on this terminating net- 
work. In view of the foregoing, a need exists for a low noise, 

5 power efficient, actively terminated line driver that avoids 
terminating network signal power loss. One method of 
active termination is disclosed in U.S. Pat. No. 4,798,982, 
issued Jan. 17, 1989 to \foorman, that is entitled Active 
Symmetrical Balance Hybrid Circuit. The scheme disclosed 

10 and claimed by Voonnan, however, exhibits distortion that is 
too high for use in most DSL technologies. It is therefore 
desirable to provide a DSL line driver scheme that employs 
active elements, but which also reduces the size and number 
of passive elements to achieve reductions in both distortion 

15 and power dissipation. 

SUMMARY OF THE INVENTION 

The present invention is directed to a low distortion, 
power efficient DSL/cable line driver that is devoid of series 

20 1 resistors to accommodate impedance matching. The line 
driver further acts as part of line termination circuitry to 
achieve good side tone rejection and achieves very low to no 
DC loss in transformer connected architectures because of 
accurate feedback based DC level biasing. One embodiment 

25 of the invention combines active termination and sidetone 
cancellation in a double Wheatstone bridge architecture such 
that a transmit signal is cancelled at the input of the receiver 
amplifier and such that a received signal is terminated by the 
transmitter amplifier. The line driver further has a receiver 

30 amplifier that preferably employs a programmable resistor 
configured within a resistor network to optimize side tone 
rejection characteristics over a wide range of line imped- 
ances. The line driver employs both negative feedback and 
positive feedback in combination with DC biasing to mini- 

35 mize DC offset voltages occurring across an output trans- 
former when the line driver is used in a differential appli- 
cation such as ADSL. 

In one aspect of the invention, a DSL/cable line driver is 
implemented using a differential receive amplifier in com- 

40 bination with an actively terminated transmitter driver to 
effectively reject a transmitted signal while applying at least 
unity gain to the received signal. 

In another aspect of the invention, a DSL/cable line driver 
is implemented using a differential receive amplifier in 
combination with an actively terminated transmitter driver 
to provide a line driver that is more power efficient than a 
conventional passively terminated line driver. 

In still another aspect of the invention, a DSL/cable line 

5Q driver is implemented using a differential receive amplifier 
in combination with an actively terminated transmitter 
driver using accurate feedback based DC level biasing to 
achieve very low to no DC loss in transformer connected 
architectures and good sidetone rejection. 

55 In still another aspect of the invention, a DSL/cable line 
driver is implemented by combining active termination and 
sidetone rejection circuitry in a double Wheatstone bridge 
architecture. 

BRIEF DESCRIPTION OF THE DRAWINGS 

60 

Other aspects and features of the present invention will be 
readily appreciated, as the same become better understood 
by reference to the following detailed description when 
considered in connection with the accompanying drawings 
65 wherein: 

FIG. 1 is a schematic diagram illustrating a DSL/cable 
line driver configured to reject the transmitted signal while 
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applying gain to the received signal, using an actively In like manner, setting 
terminated line driver circuit according to one embodiment 

of the present invention; and ^ (ftllflr) = ^ 

FIG. 2 is a schematic diagram illustrating the DSL/cable 5 
line driver shown in FIG. 1 symbolically implemented using 
a double Wheatstone bridge architecture. 



l R<+(R 5 \\R T ) = 2 K 3 + /? 2 ' 



and letting 



While the above-identified drawing figures set forth par- x _ {RsWRt) 

ticular embodiments, other embodiments of the present 10 fti + CWIffr) 

invention are also contemplated, as noted in the discussion. 
In all cases, this disclosure presents illustrated embodiments and 
of the present invention by way of representation and not 

limitation. Numerous other modifications and embodiments „ _ *3 

can be devised by those skilled in the art which fall within 
the scope and spirit of the principles of this invention. 



15 /?3+*2 

yields 



DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENTS ^ Rsyn = y »- v * ^ 

FIG. 1 is a schematic diagram illustrating a single -ended 

DSL/cable line driver 100 configured to reject a transmitted wherein substituting for 
signal while applying gain to the received signal using an 

actively terminated line driver circuit according to one 25 v 1 = v 2 - 

embodiment of the present invention. The line driver 100 is x 
seen to be driven by an analog front end that includes AFE 

amplifier T^ and a series termination resistor R 7 . produces a synthesized resistance 
Specifically, line driver 100 includes a receive amplifier R^ 

and a transmit amplifier 102. The transmit amplifier 102 has 30 r^ = ~ y ^ x) R l = (i - y/x)R l 

a negative input that is connected to one end of the series 2 
termination resistor R r that forms the output node for the 

analog front end. The transmit amplifier 102 negative input looking into the line driver from the transmission medium, 

is also connected to a common ground through a resistor R 5 3 5 With reference now to FIG - 2 > ^ h ' ne driver 100 * &™ 

and is further connected through a resistor R 4 to the output symboHcaUy to be implemented using a double Wheatstone 

f4U t rc r~ . t .« f M bndge architecture wherein resistors R,, R,,™, R„ and R, 

of the transmit amplifier 102. The transmit amplifier 102 ^ ^ four fc of ^ * ton ^ridge looking 

also has a positive input that is connected through a resistor ^to ^ Emission medium (R L£ne ), and resistors R,, R w 

R 3 to a DC bias voltage and further connected through R A and R B define the four legs of the double Wheatstone 

a resistor R. in series with a capacitor C : to the transmission bridge looking into the line driver 100 from the transmission 

medium R^ g ^A sensjri g resistor R 3 i s connected at one end medium (R Lin ^). A DC voltage source V DC and DC blocking 

to the output of ThTtransmit amplifier 102 and at its opposite capacitor C 19 depicted in FIG. 1, function in a feedback loop 

end to the transmission medium R^. The transmission to define the DC voltage level at node W 19 and also allows 

medium R Line is also connected to the negative input of the 45 separate DC and AC impedances to better optimize the fine 

receive amplifier R^. The output of the transmit amplifier driver 100 ' wnerein 
102 is also connected via a resistor R n to the positive input 

of the receive amplifier R x . Another resistor R z is also Vi(DQ = v DC fi + ^^)- 
connected between the positive input of the receive amplifier 

R z and the common ground. The line driver 100 provides 50 

return loss (side tone rejection) circuitry including resistors The present inventor found the fine driver 100 to achieve 

Rj, R R and R z in combination with load resistance R Line1 to vei 7 low to no DC loss in transformer connected architec- 

achieve good side tone rejection. Setting R^/R^R^. , mres Decause of the accurate feedback based DC level 

for example, ensures that the transmit signal generated by biasing. A significant advantage provided by the line driver 

the analog front end transmit amplifier T^ is cancelled at the 55 "^lecture depicted in FIG. 1 is that the sensing resistor R, 

input of the line driver receive amplifier R^ Resistor R z at can b , e charac | enzed ^° as a complex impedance as well as 

the positive input to the fine driver receive amplifier R* is Sun P ly , a P U f rcly J^T "T^y ! SCn& ^^Zl 

. f . i ui • i . 18 mos t preferably external to the line driver 100 such that 

most preferably programmable using a signal processing {fae end ^ r Q&Q ^ a ^ nc {Q accommodate a 

device such as a E)SP, for example, m order to accommodate 6Q desired application (Etncrnct) for example) . This feature 

a wide range of line impedances R i£w . This programmabil- men the ^ 100 to be utilized k a wider 

ity provides versatility such that the same fine driver 100 can variety of communica tion applications, including for 

be used to accommodate a variety of line terminations with example, audio applications as well as ADSL applications. 

optimized side tone rejection. Resistor R z is therefore seen to Another advantage provided by the line driver architecture 

improve the side tone rejection associated with the line 6S depicted in FIG. 1 is that it can be used in applications that 

driver receiver amplifier R x in response to changes in do not require a transformer as well as applications that do 

transmission line impedance R Litte . require a transformer. 
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In summary explanation of the foregoing, the line driver 
100 therefore combines active termination and side tone 
rejection circuitry in a double Wheatstone bridge architec- 
ture such that a transmit signal generated via an AFE 
transmitter driver (T x ) is cancelled at the input of the line 5 
driver receiver amplifier (Ry) and such that an active ter- 
mination is implemented by the line driver transmit ampli- 
fier 102 and its feedback circuitry. As stated herein before, 
the line driver side tone rejection circuitry most preferably 
employs a programmable resistor configured within a 10 
resistor network including R a , Rr and R z in combination 
with load resistance R Line , to optimize side tone rejection 
characteristics over a wide range of line impedance. The line 
driver 100 further employs both negative feedback and 
positive feedback in combination with DC biasing to mini- 15 
mize DC offset voltages occurring across an output trans- 
former when the line driver 100 is used in a differential 
application such as ADSL. 

In view of the above, it can be seen the present invention 
presents a significant advancement in the art of DSL/cable ^ 
line driver technology. Further, this invention has been 
described in considerable detail in order to provide those 
skilled in the DSL communication art with the information 
needed to apply the novel principles and to construct and use 
such specialized components as are required. In view of the ^ 
foregoing descriptions, it should further be apparent that the 
present invention represents a significant departure from the 
prior art in construction and operation. However, while 
particular embodiments of the present invention have been 
described herein in detail, it is to be understood that various 30 
alterations, modifications and substitutions can be made 
therein without departing in any way from the spirit and 
scope of the present invention, as defined in the claims 
which follow so long as the combinations achieve a DSL/ 
cable line driver according to the inventive principles set 35 
forth herein above. 

What is claimed is: 

1. A DSL/cable line driver comprising: 

a line driver transmit amplifier having an output, a posi- 
tive input and a negative input; 40 

a line driver receive amplifier having a positive input and 
a negative input; and 

a double Wheatstone bridge impedance network con- 
nected to the output and the positive and negative 
inputs of the line driver transmit amplifier and further 45 
connected to the positive and negative inputs of the line 
driver receive amplifier, wherein the double Wheat- 
stone bridge impedance network is configured to sub- 
stantially prevent line driver transmit amplifier signals 
from appearing at the input to the line driver receive 50 
amplifier and further to provide active termination to 
signals received from the transmission medium. 

2. The DSL/cable line driver according to claim 1 wherein 
the double Wheatstone bridge impedance network com- 
prises a programmable resistor connected between the posi- 55 
tive input of the line driver receive amplifier and a common 
ground, wherein the programmable resistor is operational to 
prevent signals generated by the line driver transmit ampli- 
fier from being amplified by the line driver receive amplifier 

in response to changes in transmission line impedance. <so 

3. The DSL/cable line driver according to claim 1 whereio 
the double Wheatstone bridge impedance network com- 
prises a DC blocking capacitor coupled between the positive 
input of the line driver transmit amplifier and a transmission 
medium, and further comprises a DC voltage source coupled 65 
between the positive input of the line driver and a common 
ground, wherein the DC blocking capacitor, DC voltage 
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source and line driver form a feedback loop that is opera- 
tional to define a DC voltage level at the output of the line 
driver transmit amplifier and further operational to optimize 
DSL/cable line driver performance in response to changes in 
transmission line impedance. 

4. A DSL/cable line driver comprising; 

a first amplifier having a positive input and a negative 
input; 

a second amplifier having a positive input, a negative 

input and an output; 
a common ground; 
a DC voltage source; 

a first resistor connected at one end to the first amplifier 
positive input and connected at its opposite end to the 
common ground; 

a second resistor connected at one end to the first amplifier 
positive input and connected at its opposite end to the 
second amplifier output; 

an impedance connected at one end to the second ampli- 
fier output and connected at its opposite end to the first 
amplifier negative input and further to a transmission 
medium; 

a third resistor connected at one end to the second 
amplifier negative input and connected at its opposite 
end to the second amplifier output; 

a fourth resistor connected at one end to the second 
amplifier negative input and connected at its opposite 
end to the common ground; 

a fifth resistor connected at one end to the second ampli- 
fier positive input and connected at its opposite end to 
the DC voltage source; 

a sixth resistor connected at its first end to the second 
amplifier positive input; and 

a feedback capacitor connected between a second end of 
the sixth resistor and the first amplifier negative input. 

5. The DSL/cable line driver according to claim 4 wherein 
the impedance is purely resistive. 

6. The DSL/cable line driver according to claim 4 wherein 
the impedance is complex. 

7. The DSL/cable line driver according to claim 4 wherein 
the first resistor is programmable. 

8. The DSL/cable line driver according to claim 4 wherein 
the impedance is external to the DSL line driver. 

9. The DSL/cable line driver according to claim 4 wherein 
the first, second, third, fourth, fifth and sixth resistors, the 
impedance, and an impedance associated with the transmis- 
sion medium are operative as a double Wheatstone bridge to 
prevent signals generated by the second amplifier from 
being amplified by the first amplifier and further to actively 
terminate the signals received via the transmission medium. 

10. A DSL/cable line driver comprising: 

a receive difference amplifier coupled to a transmission 
line current sensing impedance and operational in 
response to a voltage at one end of the current sensing 
impedance and a voltage at the opposite end of the 
current sensing impedance to generate a receive output 
difference signal therefrom; and 

a transmit difference amplifier operational in .response to 
the voltage at one end of the transmission line current 
sensing impedance and the voltage at the opposite end 
of the transmission line current sensing impedance, and 
further in response to an analog input signal to generate 
a transmit output difference signal therefrom, wherein 
the current sensing impedance comprises one element 
of a double Wheatstone bridge, network that is opera - 
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live to prevent the transmit output difference signal 
from being amplified by the receive difference ampli- 
fier and further operative to terminate signals received 
via the transmission medium. 

11. The DSlVcable line driver according to claim 10 s 
wherein the transmission line current sensing impedance is 
purely resistive. 

12. The DSL/cable line driver according to claim 10 
wherein the transmission line current sensing impedance is 
complex. 10 

13. The DSL/cable line driver according to claim 10 
further comprising a DC voltage source and a DC blocking 
capacitor configured in a feedback loop to define a transmit 
difference amplifier output voltage, wherein the feedback 
loop is operative to allow separate DC and AC impedances is 
to optimize the line driver in response to changes in the 
transmission line current sensing impedance. 

14. The DSL/cable line driver according to claim 10 
wherein the double Wheatstone bridge network further 
comprises a programmable resistor responsive to the voltage 20 
at one end of the transmission line current sensing imped- 
ance such that changes in the transmit output difference 
signal caused by changes in transmission line impedance can 

be cancelled at receive difference amplifier signal inputs. 

15. A DSL/cable line driver comprising: 25 
means for sensing a transmission medium current and 

generating a plurality of voltage signals thereof; 
means for generating a first difference signal in response 
to the plurality of voltage signals when the transmission 
medium current is generated by the DSL/cable line 30 
driver; 

means for generating a second difference signal in 
response to the plurality of voltage signals when the 
transmission medium current is not generated by the 35 
DSL/cable line driver, and 

means for selectively adjusting the first and second dif- 
ference signals in response to a change in transmission 
medium impedance. 

16. The DSL/cable line driver according to claim 15 40 
wherein the means for sensing a transmission medium 
current comprises an impedance external to the line driver. 

17. The DSL/cable line driver according to claim 16 
wherein the impedance is purely resistive. 

18. The DSL/cable line driver according to claim 16 45 
wherein the impedance is complex. 

19. The DSL/cable line driver according to claim 15 
wherein the means for generating a first difference signal and 



the means for generating a second difference signal each 
comprise a difference amplifier. 

20. The DSL/cable line driver according to claim 15 
wherein the means for selectively adjusting the first and 
second difference signals comprises a double Wheatstone 
bridge network. 

21. The DSIVcable line driver according to claim 20 
wherein the double Wheatstone bridge network comprises at 
least one programmable resistor. 

22. A method of amplifying upstream signals received by 
an actively terminated analog front end line driver from a 
digital subscriber loop (DSL) comprising the steps of: 

providing a double Wheatstone impedance network 
operative to generate a first plurality of voltage signals 
in response to transmitted DSL signals and further 
operative to generate a second plurality of voltage 
signals in response to received DSL signals; 

providing a first difference amplifier capable of discrimi- 
nating between transmitted DSL signals and received 
DSL signals in response to the first and second plurality 
of voltage signals; 

providing a second difference amplifier capable of dis- 
criminating between transmitted DSL signals and 
received DSL signals in response to the first and second 
plurality of voltage signals; and 

sensing signals generated by the actively terminated ana- 
log front end line driver and signals received from the 
DSL such that only the first difference amplifier can 
process the received DSL signals and further such that 
only the second difference amplifier can process the 
transmitted DSL signals. 

23. The method of amplifying upstream signals received 
by an actively terminated analog front end line driver from 
a DSL according to claim 22 wherein the step of sensing 
signals generated, by the actively terminated analog front end 
line driver and signals received from the ADSL comprises 
sensing a voltage difference across a selectable current 
sensing resistor. 

24. The method of amplifying upstream signals received 
by an actively terminated analog front end line driver 
according to claim 22 further comprising the step of pro- 
grammably changing impedance characteristics associated 
with the double Wheatstone bridge network to accommodate 
changes in transmission medium impedance. 
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